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(54) POLISHING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress occurrence of 
dishing or erosion at the time of forming buried wiring, by 
mechanically rubbing the surface of a metallic film by using 
such an abrasive solution that contains abrasive grains at a 
low concentration of a specific wt.% or lower, and has a pH 
and an oxidation-reduction potential which fall within the 
corrosive region of the metallic film. 
SOLUTION: After a BPSG film (boron- and phosphorus- 
added silicon oxide film 24 and a silicon oxide film 23 are 
formed on a silicon substrate 25 on which an impurity-doped 
layer or insulating film is formed, a groove pattern for wiring is 
formed into the silicon oxide film 24 to a depth of 500 nm 
through a lithography process and a dry etching process. 
Then, after a TiN layer 22 is formed on the silicon oxide film 
23 as an adhesive layer, a thin copper film 21 is continuously 
formed in a vacuum by the sputtering method. After the 
copper film 21 is formed, the surface of the film 21 is 
mechanically rubbed by using such an abrasive solution that 
contains abrasive grains at a low concentration of <1 wt%, 
and has a pH of <7 and an oxidation-reduction potential of >0.2 which fall within the corrosive region 
ofthefilm21. 
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Abstract of JP1 1 1 95628 

PROBLEM TO BE SOLVED: To suppress 
occurrence of dishing or erosion at the time of 
forming buried wiring, by mechanically rubbing 
the surface of a metallic film by using such an 
abrasive solution that contains abrasive grains 
at a low concentration of a specific wt.% or 
lower, and has a pH and an oxidation- 
reduction potential which fail within the 
corrosive region of the metallic film. 
SOLUTION: After a BPSG film (boron- and 
phosphorus-added silicon oxide film 24 and a 
silicon oxide film 23 are formed on a silicon 
substrate 25 on which an impurity-doped layer 
or insulating film is formed, a groove pattern 
for wiring is formed into the silicon oxide film 
24 to a depth of 500 nm through a lithography 
process and a dry etching process. Then, after 
a TIN layer 22 is formed on the silicon oxide 
filnri 23 as an adhesive layer, a thin copper film 
21 is continuously formed in a vacuum by the 
sputtering method. After the copper film 21 is 
formed, the surface of the film 21 is 
mechanically rubbed by using such an 
abrasive solution that contains abrasive grains 
at a low concentration of <1 wt.%, and has a 
pH of <7 and an oxidation-reduction potential 
of >0.2 which fall within the corrosive region of 
the film 21. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The polish approach characterized by rubbing said metal membrane front face mechanically 
using the polish liquid pH and whose oxidation reduction potential are the corrosion regions of said 
metal membrane including less than 1% of the weight of a polish abrasive grain in the polish approach 
of removing a part of metal membrane [ at least ]. 

[Claim 2] The polish approach characterized by rubbing said metal membrane front face mechanically 
using the polish liquid pH and whose oxidation reduction potential are the corrosion regions of said 
metal membrane including less than 1% of the weight of a polish abrasive grain, an oxidizing substance, 
and the matter that water^solubility-izes an oxide in the polish approach of it being formed on an 
insulator layer and removing a part of metal membrane [ at least ]. 

[Claim 3] Said metal membrane is the polish approach according to claim 2 characterized by including 
the alloy or copper compound which uses copper or copper as a principal component. 
[Claim 4] Said metal membrane is the polish approach according to claim 2 characterized by including 
a tungsten, a tungsten alloy, or a tungsten compound. 

[Claim 5] Said metal membrane is the polish approach according to claim 2 characterized by including 
titanium, a titanium alloy, or a titanium compound. 

[Claim 6] Said titanium compound is the polish approach according to claim 5 characterized by being 
titanium nitride. 

[Claim 7] Said polish liquid is the polish approach given in claim 2 thru/or any of 6 they are. [ which is 
characterized by including the anti-corrosiveness matter or surfactant to said metal membrane ] 
[Claim 8] Said polish liquid is the polish approach given in claim 2 thru/or any of 7 they are. [ which is 
characterized by including the anti-corrosiveness matter to the metal membrane which exists in the 
base to grind ] 

[Claim 9] Said anti-corrosiveness matter is the polish approach given in any according to claim 7 to 8 
which are characterized by being benzotriazol or its derivative they are. 

[Claim 10] The concentration of said benzotriazol or its derivative is the polish approach according to 
claim 9 characterized by being in 0.001 ~ 1% of the weight of within the limits. 
[Claim 1 1] Said surfactant is the polish approach given in claim 7 written characterized by being 
polyacrylic acid ammonium salt 

[Claim 12] Said oxidizing substance is the polish approach given in claim 2 thru/or any of 10 they are. 
[ which is characterized by being a hydrogen peroxide ] 

[Claim 13] Said oxidizing substance is the polish approach given in claim 2 thru/or any of 10 they are. 
[ which is characterized by including any 1 person of the second iron of a nitric acid, and a potassium 
periodate at least ] 

[Claim 14] The matter which water^solubility-izes said oxide is the polish approach given in claim 2 

thru/ or any of 13 they are. [ which is characterized by including an acid or its salt ] 

[Claim 15] Said acid is the polish approach according to claim 14 characterized by being an organic 

acid. 

[Claim 16] Said organic acid is the polish approach according to claim 15 characterized by being a 
citric acid or a malic acid. 

[Claim 17] The matter which water-solubility-izes said oxide is the polish approach given in claim 2 
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thru/or any of 13 they are. [ which is characterized by including an ammonium compound ] 
.[Claim 18] The matter which water-solubility-izes said oxide is the polish approach given in claim 2 
thru/or any of 13 they are. [ which is characterized by including any 1 person of ammonium hydroxide, 
an ammonium nitrate, and an ammonium chloride at least ] 

-[Claim 19] The concentration of said polish abrasive grain is the polish approach given in claim 1 
thru/ or any of 18 they are. [ which is characterized by being 0.5 or less % of the weight ] 
[Claim 20] The concentration of said polish abrasive grain is the polish approach given in claim 1 
thru/ or any of 18 they are. [ which is characterized by being 0.1 or less % of the weight ] 
[Claim 21] The concentration of said polish abrasive grain is the polish approach given in claim 1 
thru/or any of 18 they are. [ which is characterized by being 0.05 or less % of the weight ] 
[Claim 22] The concentration of said polish abrasive grain is the polish approach given in claim 1 
thru/ or any of 18 they are. [ which is characterized by being 0.01 or less % of the weight ] 
[Claim 23] The concentration of said polish abrasive grain is the polish approach given in claim 1 
thru/or any of 18 they are. [ which is characterized by being 0.001 or less % of the weight ] 
[Claim 24] The concentration of said polish abrasive grain is the polish approach given in claim 1 
thru/ or any of 18 they are. [ which is characterized by being 0.0001 or less % of the weight ] 
[Claim 25] Said polish liquid is the polish approach given in claim 1 thru/or any of 18 they are. [ which 
IS characterized by not including a polish abrasive grain ] 

[Claim 26] The concentration of the polish abrasive grain in said polish liquid is the polish approach 
given in claim 1 thru/or any of 18 they are. [ which is characterized by being in concentration within 
the limits used as the polish rate in the error range of the polish rate when using said polish liquid 
which does not contain said polish abrasive grain ] 

[Claim 27] The polish approach given in claim 1 thru/or any of 26 they are. [ which is characterized by 
the polish rate when using said polish liquid being 10 or more times of the etch rate when dipping said 
metal membrane into said polish liquid ] 

[Claim 28] The polish approach given in claim 1 thru/or any of 27 they are. [ which is characterized by 
the polish rate when using said polish liquid exceeding 10 nm/min ] 

[Claim 29] The polish approach characterized by removing said metal membrane front face by rubbing 
said metal membrane front face using the polish liquid containing a polish abrasive grain, a hydrogen 
peroxide, and less than 1% of the weight of a citric acid or a malic acid in the polish approach of 
removing a part of metal membrane [ at least ] formed on the insulator layer. 

[Claim 30] The polish approach characterized by removing said metal membrane front face by applying 
friction for said metal membrane front face mechanically using the polish liquid pH and whose 
oxidation reduction potential are the corrosion regions of said metal membrane including less than 1% 
of the weight of a polish abrasive grain, an oxidizing substance, the matter that water-solubility-izes 
an oxide, and the anti-corrosiveness matter in the polish approach of removing a part of metal 
membrane [ at least ] formed on the insulator layer. 

[Claim 31] Said anti-corrosiveness matter is the polish approach according to claim 30 characterized 
by being benzotriazol or its derivative. 

[Claim 32] The polish approach characterized by removing said metal membrane front face by rubbing 
said metal membrane front face using the polish liquid containing less than 1% of the weight of a polish 
abrasive gram, a nitric acid, and the anti-corrosiveness matter in the polish approach of removing a 
part of metal membrane [ at least ] formed on the insulator layer. 

[Claim 33] The process for which the base which has an impurity dope layer is prepared, and the 
process which forms the insulator layer which has opening on said impurity dope layer. The process 
which forms a metal membrane on the base with which said insulator layer was formed, and less than 
1% of the weight of a polish abrasive grain, The polish liquid pH and whose oxidation reduction 
potential are the corrosion regions of said metal membrane is used including an oxidizing substance 
and the matter which water-solubility-izes an oxide. The manufacture approach of the semiconductor 
device charactenzed by having the process at which said metal membrane front face is removed and 
said insulator layer is exposed by applying friction for said metal membrane front face mechanically 
the process which washes said base after that, and the process which dries said washed base. 
LCIaim 34J The concentration of said polish abrasive grain is the manufacture approach of the 
semiconductor device according to claim 33 characterized by being 0.01 or less % of the weight 
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[Claim 35] The process for which the base which has the 1st wiring layer is prepared, and the process 
.which forms the 1st insulator layer which has opening to which said 1st wiring layer is exposed. The 
process which forms a metal membrane on the base with which said insulator layer was formed, and 
less than 1% of the weight of a polish abrasive grain, The polish liquid pH and whose oxidation 
-reduction potential are the corrosion regions of said metal membrane is used including an oxidizing 
substance and the matter which water-solubility-izes an oxide. The manufacture approach of the 
semiconductor device characterized by having the process at which said metal membrane front face 
IS removed and said insulator layer is exposed by applying friction for said metal membrane front face 
mechanically, the process which washes said base after that, and the process which dries said 
washed base. 

[Claim 36] The concentration of a non-described above polish abrasive grain is the manufacture 
approach of the semiconductor device according to claim 35 characterized by being 0.01 or less % of 
the weight. 

[Claim 37] The process for which the base which has a conductor layer is prepared, and the process 
which forms the insulator layer which has opening on said conductor layer. The process which forms 
the cascade screen containing the metal membrane which uses the titanium nitride film and copper as 
a principal component on the base with which said insulator layer was formed, The process which rubs 
said cascade screen mechanically using the polish liquid containing an alumina polish abrasive grain a 
hydrogen peroxide, and less than 0.01% of the weight of a citric acid or a malic acid. Then, the 
manufacture approach of the semiconductor device characterized by having the process which 
washes said base, and the process which dries said washed base. 

[Claim 38] The process for which the base which has a conductor layer is prepared, and the process 
which forms the 1st insulator layer which has the 1st opening on said conductor layer. The process 
which forms the 2nd insulator layer which has the 2nd opening which groove opening and said 1st 
opening expose on said base. The process which forms a metal membrane on the base with which said 
2nd insulator layer was formed. The process which rubs said metal membrane using the polish liquid 
pH and whose oxidation reduction potential are the corrosion regions of said metal membrane 
including less than 1% of the weight of a polish abrasive grain, an oxidizing substance, and the matter 
that water-solubility-izes the oxide of said metal membrane. Then, the manufacture approach of the 
semiconductor device characterized by having the process which washes said base, and the process 
which dries said washed base. 

[Claim 39] Said polish liquid is the manufacture approach of the semiconductor device according to 
claim 37 to 38 characterized by including benzotriazol further. 

[Claim 40] The process for which the base which has the 1 st wiring layer is prepared, and the process 
which forms the 1st Insulator layer which has opening to which said 1st wiring layer is exposed. The 
process which forms a metal membrane on the base with which said insulator layer was formed, and 
less than 1% of the weight of a polish abrasive grain. An oxidizing substance, the matter which water- 
solubihty-izes an oxide, and the anti-corrosiveness matter to said 1st wiring material are included. 
The manufacture approach of the semiconductor device characterized by having the process at which 
said metal membrane front face is removed and said insulator layer is exposed, and the process which 
washes said base after that by rubbing said metal membrane front face mechanically using the polish 
liquid pH and whose oxidation reduction potential are the corrosion regions of said metal membrane. 
[Claim 41] Said anti-corrosiveness matter is the polish approach according to claim 40 characterized 
by being benzotriazol or its derivative. 

[Claim 42] Terminal point detection of said polish processing is the polish approach according to claim 
1 to 41 characterized by being made using the turn table of polish equipment, or running torque 
change of a wafer holder. 

[Claim 43] Terminal point detection of said polish processing is the polish approach according to claim 
1 to 41 characterized by being made using the optical spectrum of the polish liquid after polish 
processing. 

[Claim 44] Terminal point detection of said polish processing is the polish approach according to claim 
1 to 41 characterized by being made using the light reflex spectrum from a base. 
[Claim 45] The polish approach characterized by removing said metal membrane 1 front face by 
rubbing said metal membrane 1 front face using the polish liquid containing the anticorroslves to said 
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metal membrane 2 in the polish approach of removing a part of metal membrane [ at least ] 1 formed 
on the insulator layer which contains a metal membrane 2 inside. 

[Claim 46] The polish approach according to claim 45 characterized by for said metal membrane 1 
being the alloy or copper alloy which uses copper or copper as a principal component, and said metal 
■membrane 2 being a tungsten, a tungsten alloy, or a tungsten compound. 

[Claim 47] The polish approach according to claim 45 characterized by said anticorrosives being 
benzotriazol or its derivative. 

[Claim 48] Polish liquid for removing some of tungstens formed on the insulator layer, tungsten alloys, 
or tungsten compounds [ at least ] including benzotriazol or Its derivative. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the polish approach in the wiring process of 

a semiconductor device about polish of a metal membrane 

[0002] 

[Description of the Prior Art] In recent years, new ultraHlne processing technology is developed with 
high integration of a semiconductor integrated circuit (it is described as Following LSI), and high- 
performance-izing. chemical machinery polish (it is described as Following CMP) — it is the technique 
in which law is also one of them and is frequently used in flattening of the interlayer insulation film in 
an LSI production process, especially a multilayer-interconnection formation process, metal plug 
formation, and embedding wiring formation. This technique is indicated by United States oatent 
No.4944836. 

[0003] Moreover, in order to attain high-speed engine-performance-ization of LSI recently, to use the 
copper alloy of the low resistance from the conventional aluminum alloy by the wiring material is tried 
However, micro processing by the dry etching method frequently used by formation of aluminium alloy 
wiring IS difficult for a copper alloy. Then, the so-called DAMASHIN method which deposits a copper 
alloy thin film on the insulator layer in which it was processed into and the slot was formed, removes 
copper alloy thin films other than the part embedded at Mizouchi by CMP. embeds them, and forms 
wiring IS mainly adopted. This technique is indicated by J P, 2-2 7882 2. A. 

[0004] As for the abrasive material used for CMP of metals, such as a copper alloy used for wiring, 
what uses a solid-state abrasive grain and an oxidizing substance as a principal component is 
comnion. The mechanism of fundamental CMP removes the oxide mechanically with a solid-state 
abrasive grain, oxidizing a surface of metal by the oxidation of an oxidizing substance. It is indicated 
by the 299th page of the Science, Inc. forum issuance and Masahiro Kashiwagi edit "Science of CMP" 
August 20, 1 997 issuance about this. 

[0005] Although an alumina abrasive grain and a silica abrasive grain with the particle diameter of 
several 10 - lOOnm of numbers are known as a solid-state abrasive grain, most solid-state abrasive 
grains for metal polish generally marketed are the former. 

[0006] As an oxidizing substance, generally a hydrogen peroxide (H202), the second iron (Fe3 (N03)) 
on^"'*"*^ ^ potassium periodate (KI03) are used widely, and these are indicated by the 

300th page from the 299th page of the above-mentioned "Science of CMP " 
[0007] 

[Problem(s) to be Solved by the Invention] However, when forming wiring and a plug by CMP using the 
abrasive material which contains the solid-state abrasive grain for the conventional metal membrane 
polish as a principal component, the problem mentioned to the following (1) - (8) has occurred. 
L0008] (1) The phenomenon (it is henceforth described as DISHINGU) of a part for the surface center 
section of metal wiring embedded to the interior of the slot formed in the insulator layer being ground 
superfluously, and denting it rather than a circumference part, and the phenomenon (it is henceforth 
described as erosion) in which the insulator layer front face of the perimeter of the wiring section is 
ground occur ( drawing 5 (a), (b)). 

[0009] Originally, only 10 or more, and the wafer with which only the metal membrane with this flat 
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value was formed although it became and was high and a flat insulator layer perform CMP 
.independently using the formed wafer, respectively, takes the ratio of both polish rate, and the 
selection ratio of the metal/insulator layer of the abrasive material for metal membrane polish is 
obtained. 

•[0010] However, it is known for CMP of the wafer which the metal membrane deposited on the 
insulator layer in which the slot used as a circuit pattern was formed that the part ground 
superfluously locally will occur. This is because the irregularity which reflected the slot used as a 
circuit pattern in the wafer front face in front of CMP has arisen on the surface of the metal 
membrane, a high pressure is locally applied according to a pattern consistency when performing 
CMP, and the polish rate of the part becomes quick 

[0011] Therefore, DISHINGU and erosion pose a remarkable problem with the pad (area which is 
0.1mm angle extent) with a large area and high density circuit pattern of a metal part. These are 
indicated by 2842nd page - the 2848th page (J. Electrochem.Soc.VoL1 41, No.10, October 1994, p.2842 
to p.2848) in volume [ of Journal of Electrochemical Society / 141st ] No. 10, and October, 1994. 
[0012] (2) A scratch (polish blemish) occurs with the solid-state abrasive grain for polish. Especially 
the alumina that is the charge of a principal member of the abrasive grain of metal polish has a degree 
of hardness higher than the silicon oxide which is the charge of a principal member of an insulator 
layer. Therefore, a scratch occurs not only on the front face of the metal membrane for wiring but on 
the front face of the insulator layer exposed by CMP. An abrasive material remains to the scratch on 
the front face of an insulator layer, the malfunction of the semiconductor device by heavy-metaHon 
contamination arises, or the processing configuration of the upper wiring is affected and a poor short 
circuit is generated. Moreover, the scratch on the front face of a metal membrane causes [ of 
defective continuity or electromigration resistance ] degradation. 

[0013] In order to prevent a scratch, the method of making a polish load and rotating speed low and 
performing CMP is taken. However, it is difficult to prevent a scratch also by this approach with an 
elasticity metal like copper. 

[0014] Although a scratch can be reduced by using elasticity abrasive cloth, DISHINGU and erosion 
become large and the surface smoothness after CMP deteriorates. Then, after hard abrasive cloth 
performs CMP to the middle, two-step CMP which performs finishing polish with elasticity abrasive 
cloth is also proposed. However, the new problem that a throughput falls in this case arises. 
[0015] (3) Since high frictional force will arise between a polish abrasive grain and a metal membrane 
front face if CMP is performed, peeling occurs between a metal membrane and a substrate insulating 
layer and between the spreading glass in a substrate insulating layer (it is called Following SOG), and 
a chemistry gaseous-phase vacuum evaporationo (it is called Following CVD) oxide film. Although 
there is also the approach of making a polish load and rotating speed low as a peeling preventive 
measure, since a polish rate will fall and polish time amount will become long if it is going to prevent 
thoroughly, it is not practical. Moreover, although it may solve if elasticity abrasive cloth is used, 
DISHINGU and erosion become large and the surface smoothness after CMP deteriorates. 
[0016] (4) In order that many polish abrasive grains may remain in the wafer front face just behind 
CMP, it must wash, before performing degree process and the number of foreign matters must be 
removed to below default value (the number of foreign matters of 0.2 micrometers or more is 100 or 
less per wafer). The soaping machine which for that uses together not only chemical washing but 
mechanical washing was needed. 

[0017] The washing technique is dramatically complicated as shown in drawing 1 1 , and brush washing 
and megasonic washing which mainly used the drug solution together are performed. A brush 
mgredient must be a special ingredient which does not damage a metal membrane front face, and 
ammonium hydroxide, a fluoric acid water solution, etc. are used as a drug solution. 
[0018] Megasonic washing is the washing approach of adding high frequency oscillation 800kHz or 
more to a penetrant remover, and separating an abrasive grain from a base, and is a washing means 
more powerful than the washing approach by the conventional supersonic vibration (40kHz). It is 
necessary to apply the energy or the force which is sufficient for an abrasive grain being isolated from 
a base in this washing. On the other hand, an output must be set as the range which does breakage to 
neither a metal membrane nor an insulator layer. As an example of the above washing-after CMP 
processes, it is indicated by 172 pages of the "monthly semiconductor woHd (Semiconductor Worid)" 
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May, 1 995 issue, for example. 

.[0019] (5) The cost of the consumable goods used for CMP is high. This has the high manufacturing 
cost of the abrasive grain used by the abrasive material, and is because caution is extremely required 
also in order to arrange grain size. The alumina abrasive grain is especially several times more 

'expensive compared with a silica abrasive grain. 

[0020] Moreover, generally as for abrasive cloth, foaming polyurethane is used. If CMP is performed, a 
polish abrasive grain will adhere to this abrasive cloth, the so-called "blinding" phenomenon will be ' 
caused, and a polish rate will fall. 

[0021] In order to prevent this, the abrasive cloth front face needed to be deleted with the grinding 
stone (it is described as a conditioner below) which made the diamond particle fix suitably. Therefore, 
the life of abrasive cloth became short and had become the consumable goods of the high cost which 
ranks second to a polish abrasive grain. The cost of a CMP process is indicated by the rear rise 
company latest technical lecture 1996 year 5 month "CMP equipment, the newest trend, and trouble" 
of a related ingredient, for example. 

[0022] (6) As a problem of CMP associated equipment and a facility, the abrasive material feeder and 
the processor of the waste fluid containing an abrasive material were needed besides above CMP 
equipment or an after washing station, and the cost concerning the whole CMP facility became very 
high. In the abrasive material feeder, the stirring equipment for preventing precipitate of an abrasive 
grain was also needed, and the device in which it always circulated through an abrasive material so 
that it may not precipitate in piping was also needed. The waste fluid processing cost is also high, and 
the reuse technique is also needed. 

[0023] (7) It is a problem that the throughput of the whole CMP process is also low. Within CMP 
equipment, it is common to perform primaryCMP which grinds conditioning of the above-mentioned 
abrasive cloth, a metal membrane, etc., and secondaryCMP (buffing) which removes the damage layer 
on the exposed front face of an insulator layer etc. Since an after [ the above ] washing station has 
brush washing, it usually washes a wafer by the sheet. Therefore, the throughput of the whole CMP 
process serves as lowest situation in a semiconductor device production process. As an example of a 
process of the whole CMP process, the "monthly semiconductor world (Semiconductor World)" May, 
1995 issue is detailed to 172 pages, and it is indicated, for example. 

[0024] (8) Although CMP equipment is using the polish abrasive grain leading to raising dust so much, 
it has the problem that it must install in a clean room. The device which controls raising dust, such as 
an exhaust duct, to CMP equipment is established, and it is necessary to install a chamber special in 
a clean room and to maintain an air cleanliness class, and the cost for it also starts. 
[0025] It is the cause that all the above-mentioned troubles perform CMP by the abrasive material 
containing a high-concentration polish abrasive grain. However, the approach of the conventional CMP 
oxidized the surface of metal with the oxidizing substance, oxidized again the surface of metal newly 
exposed by removing this oxidizing zone mechanically with a polish abrasive grain, repeated 
formation / mechanical clearance of an oxidizing zone, and was gathering the polish rate. That is, 
unless the polish abrasive grain is required since the mechanical clearance effectiveness is produced 
that an oxidizing zone should be removed promptly, and it added the polish abrasive grain, it did not 
reach a practical polish rate. 

[0026] The example of a comparison which carried out CMP in the JP,7-233485,A official report with 
the polish liquid (0.1% of the weight of aminoacetic acid and 13% of the weight of hydrogen peroxide) 
which does not add a polish abrasive grain is indicated The polish rates in this case are 10 nm/min. 
and it is indicated that about 2/is [ of the polish liquid which added about 1 of polish liquid which 
added alumina polish abrasive grain/10, and a silica polish abrasive grain ] the polish rate of 7. 
[0027] Drawing 2 is the result of retesting based on said official report. In order to reproduce the 
result of said official report, this is the polish liquid (an abrasive grain is not included) containing 0.1% 
of the weight of aminoacetic acid, and a hydrogen peroxide, and measures the hydrogen-peroxide- 
solution concentration dependency of a polish rate and an etch rate. In addition, what is necessary is 
to double 0.3 to illustrate by the concentration of hydrogen peroxide solution 30%, and make said 
official report correspond with the drawing of a publication, and just to convert in drawing 2 . As 
abrasive cloth the hard cloth IC 1000 of Rodel. Inc. was used Both the rotational frequencies of a 
surface plate (surface-plate diameter 340mm) and a holder made 60rpm and a polish load 220 g/cm2 
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(it was made the same as that of the CMP conditions of this invention). The result of drawing 2 R> 2 
^hows that a practical polish rate is not obtained by 20 nm/min at most when an abrasive grain is not 
included. If hydrogen-peroxide concentration is low. the stability of polish will become [ an etch rate ] 
quick bad. On the other hand, if hydrogen-peroxide concentration is raised, although stability 
Increases, a polish rate becomes remarkably low and it is disadvantageous in respect of a throughput. 
[ of a rate ] 

[0028] if it furthermore investigates in a detail — still water — the liquid etch rate (etch rate at the 
time of dipping the sample which stood it still in the polish liquid which is not stirred) was also found 
by that the high concentration side of hydrogen peroxide solution is not thoroughly set to 0, either. 
Moreover, when polish liquid is stirred and an etch rate (stirring liquid etch rate: close to the etch rate 
in CMP) is measured similarly, it turns out that an etch rate increases and 1/2 is exceeded [ of a 
polish rate ]. 

[0029] Therefore, when the ratio (it is hereafter described as a velocity ratio) of raising, a polish rate, 
and a stirring etch rate was not raised for a polish rate by making an abrasive grain contain, it turned 
out that it cannot be used as polish liquid. If a velocity ratio is low, etching in the crevice which is not 
in contact with a polished surface will advance, and surface smoothness will be spoiled. As a result of 
performing CMP using the polish liquid into which the concentration of these hydrogen peroxide 
solution was actually changed, the polish time amount for 40 to 30 minutes per hour was required. 
[0030] The sectional view of formed copper wiring is shown in drawing 22 . The yield was 0%, as a 
result of etching most, eluting the copper which should be left behind to the processing slot on the 
silicon oxide and performing a continuity check using meandering wiring (3 micrometers from wiring 
width of face of 0.3 micrometers, die length of 40mm). Therefore, this was not able to be used as LSI 
wiring. Since this has the slow polish rate, it is because etching advanced between long polish time 
amount. 

[0031] If the concentration of aminoacetic acid is raised, although a polish rate increases, a stirring 
etch rate will also increase simultaneously and it will become being the same as that of the above- 
mentioned result In order to control etching, it is indicated by said official report that what is 
necessary is to add a potassium hydroxide and just to make polish liquid into the alkalinity of pHIO.5. 
However, in order to etch silicon oxide, a selection ratio falls, and the problem that erosion occurs 
produces a potassium hydroxide. The potassium ion which furthermore remained diffuses the inside of 
an insulator layer, and the problem of causing property degradation of a semiconductor device arises. 
[0032] The above problems originate in the property that aminoacetic acid itself water-solubility-izes 
copper oxide being low. As this is understood from pH-oxidation-reduction-potential drawing (M. it is 
indicated by a pool bay and the 387th page of "ATORASUOBU electrochemical IKUI rib rear Inn 
AKUEASU solution" (M. Pourbaix, "Atlas of Electrochemical Equilibria in Aqueous Solutions") 
1975NACE issuance.) shown in drawing 9 , it is because the effectiveness of aminoacetic acid is 
[ neutrally ] weak to the range (corrosion region) which copper water-solubility-izes as a copper ion 
being seven or less pH. 

[0033] The difference in the corrosion rate (etch rate) in a copper corrosion region and a copper 
passive state region was shown in drawing 26 . A continuous line shows a corrosion rate when an 
oxidation reduction potential is equal in drawing 9 . As an example of representation, the corrosion 
rate of the polish liquid which mixed hydrogen peroxide solution with the citric acid in the corrosion 
region, and the polish liquid which mixed hydrogen peroxide solution with aminoacetic acid in the 
passive state region was plotted. The equimolar ratio produced and compared both polishes liquid, 
thus a corrosion region — a passive state region — comparing — a very quick rate — copper — 
water solubility — it is-izing and ionized. 

[0034] This point is indicated by the collection of CMP-Media Interface Connector conference drafts, 
and the 123rd page in 1996. Although it is indicated by said paper that there is no effectiveness that 
aminoacetic acid actually etches oxidization copper, if there is no effectiveness which water- 
solubility-izes copper oxide, copper oxide will remain on the insulator layer exposed after performing 
CMP, and it will become the cause of the electric short circuit during wiring. In addition, if it is an 
abrasive material containing an abrasive grain, copper oxide will be easily removed by the mechanical 
work. 

[0035] Moreover, although the etching reagent of a certain metal is in the above-mentioned corrosion 
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region from the former, this cannot necessarily be used as CMP polish liquid for LSI multilayer- 
jnterconnection formation as it is. It is because the one where an etch rate is slower is suitable for 
reverse with CMP polish liquid. For example, the polish experiment on the front face of copper which 
used the nitric-acid water solution for the 233rd page is indicated from the 41st volume, No. 1. and 
"the 231st page in Society of Grinding Engineers and 1997. If there is no abrasive grain, although a 
polish rate will become low and it is said that it is suitable as polish liquid since there is no generating 
of a scratch, the etch rate of this polish liquid is not investigated and formation of wiring structure is 
not made, either, the result of having actually retested this polish liquid — the still water of the 
copper of 1% nitric-acid water solution — liquid etch rates are 50 nm/min and were not able to take a 
ratio big enough to polish rate about 80 nm/min of a publication to the above-mentioned institute 
magazine. If CMP is performed in order to embed furthermore and to form wiring, the copper of the 
part which it should leave as a wiring part would also be etched, and it will almost have disappeared. 
Thus, embedding wiring cannot be formed although it can grind with the polish liquid by which the etch 
rate is not controlled. 

[0036] This invention is made in view of the starting point DISHINGU at the time of (1) embedding 
wiring formation, and control of generating of erosion, (2) Reduction of the breakages on a scratch, (3) 
peeling, etc., simplification of washing after (4) CMP. (5) It aims at offering the polish approach and the 
manufacture approach of a semiconductor device at least one of the cost reduction of polish liquid 
and abrasive cloth, the simplification of (6) abrasive-material supply / processing facility, the 
formation of (7) high throughputs, and the reduction in (8) raising dust is realizable 
[0037] 

[Means for Solving the Problem] The above-mentioned object is attained in the polish approach of a 
metal membrane by rubbing a metal membrane front face mechanically using the polish [ which does 
not contain a polish abrasive grain ] liquid pH and whose oxidation reduction potential are the 
corrosion regions of a metal membrane including less than 1% of the weight of a low-concentration 
polish abrasive grain though contained again. The matter (anti-corrosiveness matter) which controls 
corrosion if needed may be added in polish liquid. 

[0038] The above-mentioned object is attained by rubbing a metal membrane front face mechanically 
using the polish liquid 1 containing an oxidizing substance (matter with the operation which takes a 
metaled electron and raises a valence), and the matter which water-solubility-izes an oxide. In 
addition, it is applicable to metal membranes, such as Cu, W, Ti, TiN, and aluminum, in this case. 
[0039] The above-mentioned object is attained by rubbing a metal membrane front face mechanically 
using the polish liquid 2 containing the matter which water-solubility-izes said metal. In addition, an 
ionization tendency can in this case mainly apply to metal membranes, such as aluminum which is a 
metal lower than hydrogen. As matter which water^soIubility-izes said metal, alkali, such as acids, 
such as a hydrochloric acid and an organic acid, or ammonium hydroxide, is mentioned. Moreover, the 
above-mentioned object is attained by using ammonium hydroxide, also using copper with an 
ionization tendency higher than hydrogen as the matter which water-solubility-izes said metal. 
[0040] When pH and the oxidation reduction potential of the above-mentioned polish liquid are a 
metaled corrosion region, it becomes possible to water-solubility-ize said metal, and the residual of 
the metal on the front face of an insulator layer exposed to the polish substrate front face can be 
reduced. The corrosion region of each metal is indicated in pH-oxidation-reduction-potential drawing 
of said pool bay. For example, in the case of copper, if it is pH <7 and oxidation-reduction-potential> 
0.2 as shown in drawing 9 , it will dissolve as Cu2+ ion. Or if it is the alkali region of pH>12.5, it will 
dissolve as Cu022-ion. Therefore, when grinding copper, it is desirable to make it one of corrosion 
regions. 

[0041] However, said pool bay drawing is an H20 system, and when other reactants are contained in 
polish liquid, the range which the corrosion region in pH-oxidation-reduction-potential drawing 
occupies changes. Whether the matter in the range of pH in which polish liquid also including such an 
additive corrodes a metal, and an oxidation reduction potential is included defines the corrosion region 
shown by this invention. When both staining substance and anti-corrosiveness matter are included in 
polish liquid, the former goes into the corrosion region shown by this invention. 
[0042] If the polish liquid 1 with which the above-mentioned matter was contained performs CMP, a 
surface of metal will oxidize with an oxidizing substance first, and a thin oxidizing zone will be formed 
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in a front face. Next if the matter which water-solubility-izes an oxide is supplied, said oxidizing zone 
,will serve as a water solution, will be eluted. and said oxidation layer thickness will decrease. The part 
to which the oxidizing zone became thin is again exposed to an oxidizing substance, oxidation layer 
thickness repeats increase and this reaction, and CMP advances. That a surface resultant is easy to 
i)e removed in order that the heights 50 of a surface of metal as shown in drawing 4 (a) at that time 
may always receive the mechanical friction of abrasive cloth, since it is heated locally, a reaction is 
promoted, and the repeat reaction of above-mentioned oxidation / water-solubility-izing advances 
more quickly than a crevice 49. ******** and the polish rate of heights 50 become quick, and 
flattening is carried out 

[0043] The anti-corrosiveness matter adheres to a surface of metal, controls the reaction of a 
crevice, and is effective in improving surface smoothness eventually If polish liquid is in the corrosion 
region of pool bay drawing even if it adds the anti-corrosiveness matter, by the heights of the surface 
of metal where the anti-corrosiveness matter was removed, the aforementioned reaction will advance 
and flattening will be eventually carried out by friction of abrasive cloth. That is. the point that polish 
liquid combines both corrosive and anti-corrosiveness, and controls both effectiveness by the 
mechanical friction of abrasive cloth in CMP is important The addition concentration to the polish 
liquid of the anti-corrosiveness matter is good at extent from which the anti-corrosiveness matter 
adhering to the heights of a surface of metal is removed by the mechanical friction of abrasive cloth. 
It IS desirable to keep a polish rate at 50 or more nm/min, and for a stirring etch rate to be several or 
less nm/min as a rule of thumb of addition concentration, (a velocity ratio is about 50). When it adds 
by the concentration beyond it a CMP rate may fall. However, by additive-free, highly [ a polish rate ] 
enough, when an etch rate is as small as several or less nm/min. even if it does not add the anti- 
corrosiveness matter, it can grind with sufficient surface smoothness. 

[0044] A practical polish rate is substantially obtained only by the mechanical friction of abrasive 
cloth by the approach of the conventional CMP oxidizing a surface of metal with an oxidizing 
substance, and adding the matter which water-solubility-izes an oxide instead of reducing polish 
abrasive grain concentration by this invention to having gathered the polish rate by removing this 
oxidizing zone mechanically with a polish abrasive grain. 

[0045] The above-mentioned object of (1) to (8) is attained by the following polish abrasive grain 
density ranges. 

[0046] The object which controls above-mentioned (1) DISHINGU and above-mentioned erosion is 
attained by ****ing the concentration of the above-mentioned polish abrasive grain to 0.05 or less % 
of the weight. 

[0047] The object which reduces the scratch generated on the above-mentioned (2) insulator-layer 
front face is attained by ****ing the concentration of the above-mentioned polish abrasive grain to 
less than 1% of the weight. 

[0048] The object which reduces the scratch generated on the above-mentioned (2) metal-membrane 
front face is attained by ****ing the concentration of the above-mentioned polish abrasive grain to 
0.1 or less % of the weight 

[0049] The object which reduces the above-mentioned (3) peeling is attained by ****ingthe 

concentration of the above-mentioned polish abrasive grain to 0.5 or less % of the weight 

[0050] The object which improves the above-mentioned (4) detergency is attained by ****ing the 

concentration of the above-mentioned polish abrasive grain to 0.01 or less % of the weight 

[0051] The object which reduces the cost of the above-mentioned (5) polish liquid and abrasive cloth 

IS attained by ****ing the concentration of the above-mentioned polish abrasive grain to 0.001 or less 

% of the weight 

[0052] The object which solves the problem of the above-mentioned (6) abrasive-material supply / 
processing facility is attained by ****ing the concentration of the above-mentioned polish abrasive 
grain to 0.0001 or less % of the weight 

[0053] The object which improves the above-mentioned (7) throughputs is attained by ****ing the 
concentration of the above-mentioned polish abrasive grain to 0.01 or less % of the weight 
[0054] The object which controls the above-mentioned (8) raising dust is attained by not adding the 
above-mentioned polish abrasive grain. 

[0055] Since a hydrogen peroxide is not strong acid as the above-mentioned oxidizing substance. 
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excluding a metal component, it is the most desirable. Although the second iron of a nitric acid and a 
4>otassium periodate contain a metal component, since oxidizing power is strong, they have the 
effectiveness which makes a polish rate high. 

[0056] There is an acid as matter which water-solubility-izes the above-mentioned oxide, and the 
'operation water^solubility-ized as a metal ion (for example. Cu2+ ion) is used. As an inorganic acid, a 
nitric acid, a sulfuric acid, and a hydrochloric acid are typical. 

[0057] Moreover, toxicity tends to treat an organic acid or its salt as polish liquid low. For example, 
the organic acids represented by carboxylic acids, such as hydroxy acids, such as a citric acid, a rrialic 
acid, a malonic acid, a succinic acid, a tartaric acid, a phthallc acid, a maleic acid, a fumaric acid, a 
lactic acid, a pimelic acid, an adipic acid, a glutaric acid, oxalic acid, a salicylic acid, a glucohol acid, 
and a benzoic acid, a formic acid, an acetic acid, a propionic acid, butanoic acid, and a valeric acid, 
and those salts are mentioned. The thing of a salt containing the thing which there is effectiveness 
which raises solubility and does not contain a metal component, for example, ammonium salt, and the 
elements (for example, aluminum etc.) which do not have an adverse effect on a semiconductor 
device is desirable. 

[0058] A citric acid, a malic acid, a malonic acid, a succinic acid, a tartaric acid, and a formic acid are 
desirable among the above-mentioned acids as acids used for the polish liquid of this invention from a 
viewpoint of a high polish rate and a low etch rate. 

[0059] Among the above-mentioned acids, generally the citric acid and the malic acid are used also as 
a food additive, its toxicity is low, and its damage as waste fluid is also low, and they do not have a 
smell, either, and since the solubility to water is also high, they are desirable especially as an acid 
used for the polish liquid of this invention. 

[0060] Since the solubility of a phthalic acid to water is low, it is desirable to make it a salt However, 
even if it makes it a salt and pH changes, it is necessary to make it maintain polish liquid at a metaled 
corrosion region. For example, when using a phthalic acid as copper polish liquid, since the solubility to 
water increases and pH can be maintained at acidity (corrosion region) if it is the phthalic-acid 
hydrogen salt which permuted only one of two carboxyl groups of phthalic-acid intramolecular, it is 
suitable as polish liquid. In the phthalate which permuted two carboxyl groups, polish liquid becomes 
neutrality mostly and a CMP rate falls. It Is the same also about other organic acids. 
[0061] ********** [ the number of it / one ] as long as the above-mentioned oxidizing substance and 
the matter which water-solubility-izes an oxide are the drugs having both operation. For example, the 
nitric acid which dissolves copper is the example. When an addition drug solution decreases, it 
becomes possible to lower the time amount which polish liquid production takes, and cost. In order to 
heighten oxidizing power, other oxidizing substances like a hydrogen peroxide are also mixable. 
[0062] Moreover, it may consider as the matter which water-solubility-izes the above-mentioned 
oxide, and ammonium hydroxide, an ammonium nitrate, or an ammonium chloride may be included. 
When ammonium ion is contained in polish liquid, as shown above, a corrosion region changes, and 
even if it is pH>4.5, there is an operation which dissolves copper as Cu(NH3)2+ ion. In addition. pH- 
oxidation-reduction-potential drawing about a Cu-NH3-H20 system is indicated by the 2381st page 
(J. Electrochem.Soc.Vol.142. No.7, July, 1995. p.2381) in Journal of Electrochemical Society 142 
volumes. No. 7, and July. 1995. 

[0063] The anti-corrosiveness matter and a surfactant are mentioned as matter which controls 
oxidization and etching. What is necessary is just the matter with which etching is controlled by mixing 
in polish liquid, and sufficient polish rate is obtained. Especially as anti-corrosiveness matter of a 
copper alloy, benzotriazol (it is described as Following BTA) of effectiveness is the largest As for the 
derivative of BTA(s). such as tolyl triazole (it Is described as Following TTA), and a BTA carboxylic 
acid (it IS described as BTA-COOH below), a cystine, a halo acetic acid, a glucose, dodecyl 
mercaptan. etc., the corrosion prevention effectiveness is one of those can be practically used for 
others. 

[0064] As a surfactant polyacrylic acid ammonium salt polyacrylic acid, polymethacrylic acid 
ammonium, polymethacrylic acid. etc. are mentioned, and especially polyacrylic acid ammonium salt is 
desirable as a surfactant used for the polish liquid of this invention from a viewpoint of a high polish 
rate and a low etch rate. 

[0065] A means to add the above-mentioned mechanical friction can use the abrasive cloth which 
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does not supply 1% of the weight or more of a polish abrasive grain to polish liquid although the 
optimal degree of hardness of abrasive cloth changes with objects which perform CMP — the copper- 
electrode pattern of for example. 0.1mm angle DAMASHIN — when it formed by law. and the 
permissible dose of the DISHINGU is lOOnm or less and abrasive cloth is pushed against opening of 
Uimm angle by the load which performs CMP. it is desirable that the amount by which abrasive cloth 
is compressed and extruded from the opening is lOOnm or less. Hard abrasive cloth can fulfill this 
condition for this condition, and can control DISHINGU by using this. In addition, the DAMASHIN 
method is the technique of grinding and leaving a metal membrane to the interior of opening after 
forming a metal membrane on the insulator layer which has opening. 

[0066] However, when forming about a maximum of 1 -micrometer plug, elasticity abrasive cloth can 
also be used, so that the degree of hardness of abrasive cloth is extent which neither a scratch nor 
peeling generates — being desirable — although — it is necessary to be the abrasive cloth of a 
degree of hardness soft to extent which can follow in footsteps of irregularity [ the irregularity on 
front faces of a base other than wiring or the pattern of a plug ], for example, the camber of a wafer 
[0067] As for the polish abrasive grain supplied from abrasive cloth, according to the above- 
mentioned object of (1) to (8). upper limits differ like the abrasive grain concentration of polish liquid. 
For example, the object which controls above-mentioned (1) DISHINGU and above-mentioned erosion 
is attained by ****ing abrasive grain concentration to 0.05 or less % of the weight 
[0068] Since the polish liquid of 10 or less nm/min requires 80 minutes when performing CMP of one 
800nm metal membrane, although wiring structure is produced, it is not practical, and since the polish 
rate has not solved the problem of the above-mentioned throughput, and the problem of cost, it does 
not define by this invention as polish liquid here. 

[0069] Moreover, if the ratio of a polish rate and an etch rate is made 5 or more times. 10 or more 
times is desirable. If it is less than [ this ], it will become impossible to produce wiring structure with 
sufficient dimensional accuracy according to the etching operation generated in CMP. even if a polish 
rate is high. As for an etch rate, it is desirable that they are several or less nm/min. 
[0070] Although this invention is the most effective in CMP of the copper alloy which is [ erosion / a 
scratch. / DISHINGU. erosion ] easy to generate, or an aluminum alloy, it is effective in reduction of 
the scratch generated on an insulator layer also in other Metal CMP. for example, tungsten, and 
tungsten alloys, titanium, titanium alloys, etc. (especially titanium nitride). 
[0071] 

[Embodiment of the Invention] Hereafter, this invention is concretely explained using a drawing. 
[0072] (Example 1) By this example, by performing copper CMP explains how to form copper wiring. 
Drawing 1 is the schematic diagram showing the CMP equipment used in the example of this 
invention. It has the structure of the holder 12 which supported the wafer 14 for the surface plate 1 1 
top with which abrasive cloth 17 was stuck with the backing pad 18 rotating, and performing CMP. The 
retainer ring 13 is formed so that a wafer may not separate in CMP. The polish load in CMP set both 
the rotational frequencies of 220 g/cm2. a surface plate, and a holder to 60rpm. In addition, neither a 
polish load nor a rotational frequency is restricted to this. Although a polish rate generally becomes 
quick by increasing a load and rotating speed, as shown in drawing 25 , a scratch tends to enter and 
becomes. However, since polish abrasive grain concentration is low. or since it does not contain in 
this invention, there is little generating of the polish blemish over a load. Abrasive cloth used the hard 
Rodel, Inc. cloth IC 1000. 

[0073] The polish liquid of this invention is dropped at the rate of about 30 cc/min on abrasive cloth 
from the 1st feed hopper 15 prepared on the surface plate, and performs CMP. The 1st feed hopper 
15 is closed in the phase which CMP ended, supply of polish liquid is suspended, pure water is 
supplied at the rate of about 3000 cc/min from the 2nd feed hopper 16, and a rinse is performed for 
15-30 seconds. A wafer is dried, after performing megasonic washing in the condition that a wafer is 
not dried after that and removing polish liquid. 

[0074] First, the polish property of the polish liquid of this invention was investigated using the wafer 
with which the circuit pattern is not formed. A sample carries out continuation membrane formation of 
the TiN film with a thickness of 50nm and the Cu film with a thickness of 800nm in a vacuum by the 
sputtering method as a glue line, after forming silicon oxide with a thickness of 200nm on a silicon 
wafer. A wafer diameter is 4 inches. 
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[0075] The polish liquid used by this example mixes the organic acid which is the matter which water- 
-solubility-izes an oxidizing substance and an oxide. As an oxidizing substance, the citric acid was used 
as hydrogen peroxide solution (2O30%H2 water solution) and an organic acid A citric acid has the 
^advantage that the solubility to water is high. In order to optimize a mixing ratio, concentration was 
changed and the polish rate and the etch rate were investigated. In addition, the temperature of polish 
liquid is a room temperature. When an etch rate dips a sample into polish liquid, it is a rate into which 
a copper front face is etched, and since wiring structure will not be formed if etching advances 
superfluously in CMP, its lower possible one is desirable, an etch rate — drawing 2 — the same — 
still water — the liquid etch rate and the stirring liquid etch rate were investigated. It converted and 
asked for the polish rate and the etch rate from electric resistance value change. 

[0076] The result of having investigated the hydrogen-peroxide-solution concentration dependency of 
polish liquid to drawing 3 is shown. Citric-acid concentration presupposed that it is fixed at 0.03 % of 
the weight, a polish rate and still water — the ratio of a liquid etch rate is also doubled and shown. 
The polish rate showed maximum 84 nm/min, when the concentration of hydrogen peroxide solution 
was ten volume %, but since the etch rate was the low value of 5 or less nm/min below by 5 volume %, 
when the ratio of a polish rate and an etch rate was taken, the highest ratio 30 among 5 volume %s 
was shown. It is not polish rate for the object which serves as a polish rate of 10 or less nm/min, and 
forms embedding wiring just with hydrogen peroxide solution sufficient only by the citric acid. That is, 
it is required for both a citric acid and hydrogen peroxide solution to contain. Then, the copper 
embedding circuit pattern was produced using the polish liquid which mixed 0.03% of the weight of the 
citric acid with the hydrogen peroxide solution of 5 volume % to pure water. As shown in drawing 9 , 
this polish liquid is in a copper corrosion region. 

[0077] The example of the cross-section structure before polish of the sample which forms 
embedding wiring is shown in drawing 4 (a). The BPSG film (silicon oxide by which boron and Lynn 
were added) 24 with a thickness of 500nm, and silicon oxide 23 with a thickness of 500nm were 
formed on the silicon substrate 25 in which the impurity dope layer and the insulator layer were 
formed, and the slot pattern with a depth of 500nm for wiring was formed in silicon oxide 23 according- 
to the lithography process and the dry cleaning dirty process. After forming the TiN layer 22 with a 
thickness of 50nm as a glue line on it, continuation membrane formation of the copper thin film 21 
with a thickness of SOOnm was carried out in the vacuum by the sputtering method. In order to 
improve step coverage nature furthermore, vacuum heat treatment for 30 minutes was performed by 
450-degree Centigrade within the sputtering system. Although impurity dope layers, such as the 
source and a drain, are formed in the silicon substrate 25, it omits here and has not indicated. 
[0078] As a result of performing CMP using the polish liquid which mixed 0.03% of the weight of the 
citric acid with the hydrogen peroxide solution of 5 volume % for this sample to pure water, the 
configuration from which DISHINGU and erosion are set to about 50nm or less was processible like 
drawing 4 (b). As a result of measuring the electrical resistivity of formed copper wiring, the values of 
1.9-microhm cm also including the part of a TiN layer were acquired. Moreover, as a result of 
performing a flow/insulation test using meandering wiring (3 micrometers from wiring width of face of 
0.3 micrometers, die length of 40mm), or Kushigata wiring (3 micrometers from wiring spacing of 0.3 
micrometers, die length of 40mm), about 100% of yield was obtained. 

[0079] Next, the example which formed the copper plug with the polish liquid of this invention is 
shown. The membrane formation approach and CMP conditions are the same as that of the formation 
approach of the above-mentioned embedding wiring. The structure of a copper plug with a diameter of 
0.5 micrometers formed in drawing 17 (a) - drawing 17 R> 7 (c) is shown. It is the structure as which 
drawing 17 (a) looked at the cross-section structure in front of CMP, and drawing 17 (b) looked at the 
cross-section cross section after CMP. and drawing 17 (c) from the top face. In the case of the plug, 
since opening of an insulator layer was 1 micrometer or less, it was able to form without DISHINGU or 
erosion like drawing 17 (b) also with elasticity abrasive cloth (for example. Rodel. Inc. SubaSOO and 
XHGM1 158). It cannot be overemphasized that hard abrasive cloth (IC1000) can be used. 
[0080] About terminal point detection of CMP. it was able to carry out satisfactory. When it carried 
out as the terminal point detection approach based on change of the turn table of CMP equipment, or 
the running torque of a wafer holder, the signal shown in drawing 23 was acquired. When polish of Cu 
was completed when about 350 seconds passed, torque signal strength became strong when it 
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became the phase which grinds TiN, and about 400 seconds of after that passed, it has judged from 
.reinforcement falling. 

[0081] Moreover, terminal point detection was also able to be carried out based on optical spectrum 
change of the polish liquid after polish processing. Although the polish liquid before polish processing 
'is transparent, as for penetration and polish liquid, a copper ion becomes blue by grinding copper at 
polish liquid. Then, as shown in drawing 24 , as a result of measuring the lightwave signal 
reinforcement of the polish liquid with which polish processing finished and flowed out on the 
wavelength of 725nm, it turned out that the terminal point detection of the reinforcement can be 
fallen and carried out in the phase which polish ended. Since polish liquid was cloudy with the polish 
liquid with which the conventional polish abrasive grain was added, it was difficult to measure by 
change of an optical spectrum. Moreover, it was also possible to have made a hole in some abrasive 
cloth and to have carried out terminal point detection based on the light reflex spectrum change from 
a wafer front face. When the abrasive grain was contained in polish liquid also in this case, the noise 
went into the signal with the polish liquid of nebula adhering to a wafer front face, and measurement 
was difficult. 

[0082] In this example, although the citric acid was used as an acid, even if it uses organic acids, such 
as a malic acid, a malonic acid, a tartaric acid, and a succinic acid, instead of a citric acid, wiring 
structure can be formed. 

[0083] In this exarnple, although the hydrogen peroxide was used as an oxidizer, even if it uses the 
second iron of a nitric acid, and a potassium periodate instead of a hydrogen peroxide, wiring 
structure can be formed. However, the pollution abatement of iron or a potassium is needed. 
[0084] Moreover, even if the polish liquid containing ammonium hydroxide, an ammonium nitrate, or an 
ammonium chloride performed CMP, it was able to embed similarly and wiring structure was able to be 
formed. 

[0085] (Example 2) This example explains how to add the anti-corrosiveness matter in the polish 
liquid used in the example 1. and improve a polish property further. By addition of the anti- 
corroslveness matter, the etch rate shown in drawing 3 falls, and the ratio of a polish rate and an etch 
rate becomes still higher. It becomes possible to prevent being able to prevent that a copper front 
face is superfluously etched into CMP, and a copper polished surface oxidizing after CMP by this. 
[0086] Anticorrosives used BTA. In the polish liquid which mixed 0.03% of the weight of the citric acid 
with the hydrogen peroxide solution of 5 volume % to pure water, BTA was added 0.1% of the weight 
Even if it adds BTA, pH and the oxidation reduction potential of this polish liquid hardly change, but 
are in the corrosion region of the copper shown in drawing 9 . As a result of investigating a copper 
etch rate like an example 1. as compared with BTA addition before, it was able to decrease to about 
1/6. Then, as a result of performing CMP on the same conditions as an example 1 using this polish 
liquid, embedding wiring which controlled the corrosion of a copper polished surface and was shown In 
drawing 4 was able to be formed. As a result of measuring the electrical resistivity of formed copper 
wiring, the values of 1.9-microhm cm also including the part of a TiN layer were acquired. Moreover, 
as a result of performing a flow/insulation test using meandering wiring (3 micrometers from wiring ' 
width efface of 0.3 micrometers, die length of 40mm), or Kushigata wiring (3 micrometers from wiring 
spacing of 0.3 micrometers, die length of 40mm), about 100% of yield was obtained. 
[0087] Moreover, although reduction in which only the depth which is about lOOnm is etched into, and 
the copper wiring section is dented rather than a surrounding insulator layer part like drawing 16 (a) 
was observed with the polish liquid which does not add BTA when exaggerated CMP was performed 
for a long time (for example, twice as many time amount as this), it was able to control to several 
lOnm or less like drawing 16 (b) by using the polish liquid which added BTA. In addition, exaggerated 
CMP IS a thing it is made not to have the polish remainder and to perform for accumulating with the 
whole wafer. 

[0088] What made the above-mentioned polish liquid thick has produced wiring structure similariy For 
example, what mixed 0.3% of the weight of BTA with the hydrogen peroxide solution of 30 volume % 
and 0.15% of the weight of a citric acid to pure water was good. When polish liquid was thick, it was 
effective in the polish homogeneity in a wafer improving. The homogeneity of a strong solution 
became 8% or less to homogeneity when polish liquid is thin having been 10% or more. However, a lean 
solution has the effectiveness which can produce polish liquid cheaply. 
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[0089] In this example, although the citric acid was used as an acid, even if it uses organic acids, such 
was a malic acid, a malonic acid, a tartaric acid, and a succinic acid, instead of a citric acid, wiring 
structure can be formed. For example, it is what mixed 0.2% of the weight of BTA with the hydrogen 
peroxide solution of 30 volume %, and 0.15% of the weight of a malic acid to pure water, and the good 
Result was obtained. 

[0090] Moreover, also when considering as the matter which water-solubilityHzes a metal and using 
ammonium hydroxide, by considering as the polish liquid which added BTA, the above-mentioned 
effectiveness is acquired and embedding copper wiring can be formed, 

[0091] (Example 3) In this example, the depressor effect of DISHINGU by abrasive grain concentration 
reduction and erosion was investigated. The polish liquid (what mixed 0.1% of the weight of BTA with 
the hydrogen peroxide solution of 5 volume % and 0.03% of the weight of a citric acid to pure water) of 
an example 2. and the thing which added the alumina abrasive grain (particle diameter about 200nm) 
to this polish liquid 2.5% of the weight as an example of a comparison were prepared. It embedded like 
the example 2 using these polish liquid, and wiring was formed, and the wiring width-of-face 
dependency of the amount of DISHINGU and the amount of erosion defined as drawing 5 was taken by 
90 micrometers from width efface of 0.4 micrometers, the cross-section photograph of wiring with a 
die length of 400 micrometers was taken with the scanning electron microscope (SEM), and it 
measured The configuration of a cross section where the measurement result was drawn on drawing 
6 (a) and (b) at drawing 7 R> 7 and drawing 8 based on SEM observation is shown. 

[0092] Although wiring width of face was in the inclination which becomes large from drawing 6 (a) and 
(b) as the amount of DISHINGU and the amount of erosion became thick, by losing an alumina 
abrasive grain, the amount of DISHINGU was reduced in abbreviation one half, and the amount of 
erosion of wiring with a width of face of 4 micrometers or less was reduced by even extent (lOnm or 
less) hardly unobservable by SEM. By wiring width of face of 90 micrometers, a remarkable difference 
is observed from the comparison of drawing 8 (a) and (b). 

[0093] Next, the alumina abrasive grain concentration dependency of the amount of DISHINGU and 
the amount of erosion was investigated. Measurement of both values was performed according to the 
definition shown in drawing 5 . Alumina abrasive grain concentration prepared seven kinds of polish 
liquid. 0.0001 % of the weight, 0.001 % of the weight. 0.01 % of the weight. 0.05 % of the weight, 0.1 % of 
the weight, 0.5 % of the weight, and 1 % of the weight Consequently, when alumina abrasive grain 
concentration became 0.05 or less % of the weight, the alumina abrasive grain became a value with 
close [ comparable as the polish liquid which is not ], and both values were in agreement with the 
result of drawing 6 (b) in the range (20nm or less) with error. Thereby, when alumina abrasive grain 
concentration performs CMP using 0.05 or less % of the weight of polish liquid showed [ which 
controlled DISHINGU and erosion ] that it embedded and wiring structure could be formed. 
[0094] (Example 4) In this example, the scratch depressor effect by reduction of abrasive grain 
concentration was investigated. The polish liquid added 5% of the weight was prepared for the polish 
liquid (what mixed 0.1% of the weight of BTA with the hydrogen peroxide solution of 5 volume %, and 
0.03% of the weight of a citric acid to pure water) of an example 2, and this for the alumina abrasive 
grain (particle diameter: about 200nm) 2.5% of the weight 1% of the weight 0.5% of the weight 0.0001 % 
of the weight, 0.001 % of the weight, 0.01 % of the weight, 0.05 % of the weight, and 0.1% of the weight 
CMP on the copper thin film front face which does not have a circuit pattern using these polish liquid, 
and the front face of silicon oxide was performed. 

[0095] Consequently, although 100-1000 punctiform scratches per wafer were observed with the 
optical microscope in the silicon oxide front face which performed CMP with the polish liquid of 1% of 
the weight or more of alumina abrasive grain concentration as shown in drawing 25 , with the wafer 
which performed CMP with the polish liquid of 0.5 or less % of the weight of alumina abrasive grain 
concentration, some were controlled to extent. Since the magnitude of a scratch is 1 micrometer or 
less, if it is the number of scratches of this level, it is level which does not pose a problem in order to 
form wiring structure. 

[0096] Next, the scratch formed in a copper front face was investigated. The linear scratch which can 
be distinguished visually occurred in the copper front face which performed CMP with the polish liquid 
of 0.5% of the weight or more of alumina abrasive grain concentration. The scratch generating number 
per wafer was an increasing inclination as alumina abrasive grain concentration increased. Although 
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the numbers of scratches generated with the wafer which performed CMP with the polish liquid of 
SiA% of the weight of alumina abrasive grain concentration were some, as a result of performing 
surface concavo-convex observation by observation and AFM (atomic force microscope) of a wafer 
cross section according this sample to SEM, it turned out that the depth of a scratch is about lOOnm. 
^ince the depth of embedding copper wiring is SOOnm, the scratch which is lOOnm poses a problem. 
[0097] The scratch which can be distinguished visually disappeared on the copper front face which 
performed CMP with the polish liquid of 0.1 or less % of the weight of alumina abrasive grain 
concentration. As a result of observing these samples by SEM and AFM, it turned out that the depth 
of a scratch is about lOnm. it comes out to this extent, and if it is, the electric resistance of wiring 
will hardly be affected 

[0098] Furthermore, since generating of a scratch was reduced, a polish load and rotating speed could 
be increased, and it was effective in becoming possible to gather a polish rate. 
[0099] As a result of actually embedding like an example 1 using polish liquid of 0.1 or less % of the 
weight of abrasive grain concentration, forming wiring and performing a flow/insulation test using 
meandering wiring (3 micrometers from wiring width of face of 0.3 micrometers, die length of 40mm). 
or Kushigata wiring (3 micrometers from wiring spacing of 0.3 micrometers, die length of 40mm), about 
100% of yield was obtained. 

[0100] (Example 5) In this example, the peeling depressor effect by reduction of abrasive grain 
concentration was investigated. The polish liquid added 10% of the weight was prepared for the polish 
liquid (what mixed 0.1% of the weight of BTA with the hydrogen peroxide solution of 5 volume %. and 
0.03% of the weight of a citric acid to pure water) of an example 2, and this for the alumina abrasive 
gram 5% of the weight 1% of the weight 0.5% of the weight 0.0001 % of the weight, 0 001 % of the 
weight, 0.01 % of the weight. 0.05 % of the weight, and 0.1% of the weight. What formed the copper thin 
film with a thickness of SOOnm by sputtering on silicon oxide on both sides of the TIN layer with a 
thickness of 5nm (1/10 of thickness of an example 1) was used for the sample. CMP was performed 
for this sample using the above-mentioned polish liquid. 

[0101] Consequently, peeling occurred between the copper layer and the TiN layer from the wafer 
periphery which performed CMP with the polish liquid of 1% of the weight or more of alumina abrasive 
gram concentration. The frictional force generated on an alumina abrasive grain and a copper front 
face IS considered to be the cause. With the wafer which performed CMP with the polish liquid of 0.5 
or less % of the weight of alumina abrasive grain concentration, frictional force declined and peeling 
was not generated at all. Furthenmore, when generating of peeling decreased, a polish load and 
rotating speed could be increased, and it was effective in becoming possible to gather a polish rate. 
[0102] Then, it embedded like the example 2 using polish liquid of 0.5 or less % of the weight of 
abrasive grain concentration, and wiring was formed. The sample which set the TiN layer 22 of drawing 
4 to 5nm was used for the sample. Consequently, a copper thin film did not separate, it was able to 
embed and wiring was able to be formed. 

[0103] (Example 6) In this example, the effectiveness of improvement in the detergency by reduction 
of abrasive grain concentration was investigated. The polish liquid added 10% of the weight was 
prepared for the polish liquid (what mixed 0.1% of the weight of BTA with the hydrogen peroxide 
solution of 5 volume %, and 0.03% of the weight of a citric acid to pure water) of an example 2, and this 
for the alumina abrasive grain 5% of the weight 1% of the weight 0.5% of the weight 0 0001 % of the 
weight, 0.001 % of the weight, 0.01 % of the weight, 0.05 % of the weight, and 0.1% of the weight CMP 
removed the copper thin film and TiN thin film which were formed on silicon oxide with these polish 
liquid, and after pure water washed the silicon oxide front face which appeared in the front face, the 
alumina abrasive grain (the number of defects) which remains was investigated using velum defective 
equipment. Magnitude measured the number per wafer about the defect 0.2 micrometers or more. The 
magnitude of a wafer is 4 inches. 

[0104] Consequently, it turned out that the number of defects decreases according to reduction of 
alumina abrasive grain concentration as shown in drawing 10 , and the number of defects can be 
reduced to 100 or less pieces only by megasonic washing if it is 0.01 or less % of the weight of 
concentration. Conventionally, since the alumina abrasive grain polish liquid of 1% of the weight or 
more of concentration was used, brush washing and megasonic washing of polyvinyl alcohol (PVA) 
were used together, and the number of defects was reduced to 100 or less pieces. Therefore when 
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abrasive grain concentration grinds using 0.01 or less % of the weight of polish liquid, it is effective in 
reducing a washing routing counter. Or by performing the same washing process as usual, it is 
effective in reducing the number of foreign matters more. 

[0105] (Example 7) This example shows that a CMP processing routing counter can be reduced by 
reduction of abrasive grain concentration. Down stream processing of CMP at the time of using 
conventional polish liquid is shown in drawing 1111 . With conventional CMP equipment, alumina 
abrasive grain concentration was as high as 1 % of the weight or more, and in order to prevent the 
blinding to the abrasive cloth of an abrasive grain, before performing CMP, conditioning of the abrasive 
cloth for several 10 seconds to several minutes was performed, for example. 

[0106] Moreover. CMP of an insulator layer was performed about 2 minutes from several 10 seconds 
after the metal CMP for forming an embedding wiring layer in order to remove the damage layer on 
front faces of an insulator layer, such as silicon oxide exposed by polish. Then, it moves to a washing 
process, without drying a wafer, and the 1st brush washing by ammonia liquor is performed for the 
object of abrasive grain clearance. In order to remove metal contamination of the damage layer on 
front faces of an insulator layer, such as silicon oxide, furthermore, the 2nd brush washing by rare 
fluoric acid (HF) was performed. The wafer was dried after megasonic washing removed the abrasive 
grain to the target level eventually. 

[0107] The whole CMP process at the time of using less than 0.01% of the weight of the low 
concentration polish abrasive grain content polish liquid concerning this invention for drawing 1 2 is 
shown. With CMP equipment, since the blinding of an abrasive grain stopped almost occurring, except 
when new abrasive cloth was used, conditioning almost became unnecessary. When abrasive grain 
concentration increased 1/10 time, the life of abrasive cloth increased 10 times. Moreover, since the 
damage layer by the scratch on the front face of silicon oxide etc. was lost, it became unnecessary 
[ CMP of an insulator layer ]. At the washing process, it was able to wash to the level (the number of 
defects) conventional only by megasonic washing. 

[0108] As a result of total reflection fluorescence X rays estimating heavy metal pollution, it was able 
to wash to the level conventional only by megasonic washing also about this point As compared with 
the conventional CMP process, process time amount was eventually shortened by about 1/2. 
Although the process of drawing 1 2 is usable practically if abrasive grain concentration is 0.01 or less 
% of the weight 0.005 or less % of the weight is desirable. 

[0109] (Example 8) In this example, the effectiveness of the cost reduction of the abrasive cloth by 

reduction of abrasive grain concentration and an abrasive material was investigated. 

[0110] If the alumina abrasive material for Copper CMP makes CMP time amount 5 minutes also 

including exaggerated polish time amount and an abrasive material is supplied in CMP equipment the 

rate for 100 cc/, it will be used II. by 1 time of CMP. Moreover, abrasive cloth exhausts one sheet by 

CMP of about 400 sheets. Furthermore, the after washing station other than CMP equipment is 

required. 

[0111] The breakdown of CMP related cost in case the conventional alumina abrasive grain 
concentration performs CMP using 1% of the weight or more of polish liquid is shown in drawing 13 . 
Unlike other semi-conductor associated equipment it turns out that the cost of the abrasive cloth 
which is consumable goods, and an abrasive material occupies about 70% of the whole. 
[0112] On the other hand, with the polish liquid of this invention, it becomes possible by reducing 
alumina abrasive grain concentration to 0.001 or less % of the weight to reduce CMP related cost 
greatly. Although the cost of the drug solution added in polish liquid is needed, it is about [ of the cost 
of the conventional alumina abrasive material ] 1/100. Since the frequency of conditioning where cost 
of abrasive cloth was also performed conventionally decreases, it is reducible. 
[01 13] If a facility of an abrasive material feeder, an abrasive material agitator style, an abrasive 
material processor, etc. will become unnecessary if alumina abrasive grain concentration is 0.0001 or 
less % of the weight, and alumina abrasive grain concentration is set to 0 also about CMP equipment, 
the raising dust preventive measures in a clean room will also become unnecessary, and will serve as 
cost reduction conventionally as compared with elegance. Also about a washing station, since the 
conventional brush washing becomes unnecessary, it becomes the cost of one half extent From the 
above result about 70% of cost is reducible in the whole CMP relation by using the polish liquid of this 
invention. 
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[0114] (Example 9) This example explains how to embed with a nitric acid and the polish liquid using 
-BTA, and form copper wiring. Since It is possible for a nitric acid to have the oxidation to copper, and 
to watei-solubility-ize copper in the property of the own acid of a nitric acid, it is possible to serve as 
two sorts of operations of this invention with one drug solution. BTA has the effectiveness which 
"controls etching like an example 2, and it becomes possible to raise the ratio of a polish rate and an 
etch rate. It becomes possible to prevent being able to prevent that a copper front face is 
superfluously etched into CMP, and a copper polished surface oxidizing too much after CMP by this, 
the concentration of polish liquid — nitric-acid: — it is the water solution which mixed 0.2 volume % 
and BTA:0.01 X of the weight to pure water. As shown in drawing 9 , this polish liquid is in a copper 
corrosion region. 

[0115] As a result of investigating a copper etch rate like an example 1, it was able to decrease to 
about 1/6 by addition of BTA. Then, as a result of performing CMP on the same conditions as an 
example 1 using this polish liquid, the corrosion of a copper polished surface was able to be controlled 
and embedded and wiring was able to be formed. As a result of measuring the electrical resistivity of 
formed copper wiring, the values of 1.9-microhm cm also including the part of a TiN layer were 
acquired. Moreover, as a result of performing a flow/insulation test using meandering wiring (3 
micrometers from wiring width efface of 0.3 micrometers, die length of 40mm), or Kushigata wiring (3 
micrometers from wiring spacing of 0.3 micrometers, die length of 40mm), about 100% of yield was 
obtained. 

[0116] Moreover, although the phenomenon of the copper wiring section having been etched and 
denting rather than a surrounding insulator layer part was observed with the polish liquid which does 
not add BTA (copper disappeared when especially nitric-acid concentration was as high as 1% or 
more), it was able to control to several lOnm or less like drawing 16 (b) by using the polish liquid 
which added BTA. 

[0117] When the alumina abrasive grain was added in this polish liquid, the scratch occurred in silicon 
oxide by the concentration which exceeds 1 % of the weight to a copper polished surface by the 
concentration exceeding 0.1 % of the weight. Moreover, when the polish liquid of the concentration 
exceedmg 0.5 % of the weight performed CMP of the copper thin film whose substrate TiN layer is 
5nm, peeling occurred. A scratch and peeling have been prevented by reducing an alumina abrasive 
gram below to such concentration. When it was furthermore 0.01 or less % of the weight of 
concentration, the number of defects could be reduced to 100 or less pieces only by megasonic 
washing, and it turned out that it becomes unnecessary [ brush washing by the drug solution ]. 
[01 18] Next, formed assessment of the amount of DISHINGU of embedding wiring and the amount of 
erosion was performed. Like the result shown in drawing 6 , when alumina abrasive grain concentration 
became 0.05 or less % of the weight, the alumina abrasive grain became a value with close 
[ comparable as the polish liquid which is not ], and both values were in agreement with drawing 6 (b) 
in the range (20nm or less) with error. Therefore, the embedding wiring structure and plug structure 
which controlled DISHINGU as shown in drawing 4 and drawing 17 , and erosion have been formed by 
performing CMP using this polish liquid. 

[01 19] (Example 10) In this example, laminating wiring structure was produced with the polish liquid 
(hydrogen peroxide solution: 30 volume %. malic-acid:0.15 % of the weight, BTA:0.2 % of the weight) of 
an example 2, and the experiment which shows the effectiveness was conducted. CMP using the 
polish liquid which contains the conventional alumina abrasive grain 1% of the weight as comparative 
experiments was also performed. 

?MD°"' '^^^ two-layer wiring structure acquired as a result of conventional polish liquid's performing 
CMP to drawing 14 is shown. Although the semiconductor device In which diffusion layers such as the 
source and a drain, were formed is produced by the silicon substrate section 25. it omits here and has 
not indicated (the same is said of drawing 15 to drawing 20 ). The depression of the front face by 
DISHINGU 36 produced In the insulator layer section 23 during the wiring 21 of the 1st layer erosion 
37. and the scratch 38 became a cause, the polish 32 [ remainder ] of a metal membrane, and 33 and 
J4 arose also on insulator layer 35 front face which formed membranes on it, respectively, and the 
polish remainder occurred as a problem of the electric short circuit during the copper wiring 31 of a 
fni°o" i^e l^^' 39 « "'■'N layer and 52 is the Insulator layer layer of a through hole layer 

LUl^lJ Such a problem was not generated by the sample which performed CMP with the polish liquid 
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which does not contain an abrasive grain on the other hand as shown in drawing 15 . In addition, in 
worder that there may be no TiN layer after copper wiring, there is **** with which copper diffuses the 
inside of silicon oxide and pollutes a semiconductor device. Although 50nm of silicon nitrides is formed 
on copper wiring in order to prevent it it has not omitted and indicated in drawing 14 and 15 ( drawing 
*18 , and 19 and 20 are omitted similarly). 

[0122] The part to which the wiring 21 of the 1st layer and the wiring 31 of a two-layer eye were 
connected by the copper plug 40 was shown in drawing 1 8 . It produces by performing CMP with the 
above-mentioned polish liquid on each class also including a plug. The defect problem of the electric 
short circuit by DISHINGU or erosion as shown in drawing 14 , and the scratch was not generated at 
all. Moreover, other polish liquid which indicated polish liquid in the example 1 and the example 2, and 
the example 9 was able to form the multilayer interconnection similarly. 

[0123] Like drawing 20 , a plug part can also be formed by the tungsten film by the high CVD method 
of coat nature. However, a seam 43 (it may be called a keyhole etc.) is easy to be formed in a plug 
center section, and the problem on which polish liquid makes the interior corrode the penetration 
substrate copper wiring 21 within an instant from there may generate a tungsten. The situation was 
shown in drawing 20 (a). It is the copper wiring section which 44 corroded. At that time, by adding 
copper anticorrosives. for example, BTA, in the polish liquid of a tungsten, by the time the polish liquid 
which sank into the interior of a tungsten was removed at the washing process, the corrosion of 
copper wiring was able to be prevented. The result was shown in drawing 20 (b). Moreover, since the 
abrasive grain is not contained in polish liquid, an abrasive grain does not remain in a seam. 
[0124] The sample which formed two-layer wiring by the dual DAMASHIN method was shown in 
drawing 19 . This is a technique which produces the plug and the 2nd-layer wiring to wiring of the 1st 
layer by polish once. Here, the above-mentioned polish liquid performs the wiring layer of the 1st 
layer, the wiring layer of after polish, a plug, and a two-layer eye also performs CMP with the above- 
mentioned polish liquid, and it produces. 41 is the plug part formed of dual DAMASHIN. The defect 
problem of the electric short circuit by DISHINGU or erosion as shown in drawing 14 , and the scratch 
was not generated at all. Moreover, what indicated polish liquid in the example 1 and the example 2 
was able to form the multilayer interconnection similarly. 

[0125] Signs that formed the tungsten plug 42 in drawing 21 on the impurity dope layer 45 of a silicon 
substrate using the polish liquid of this invention, and it connected with the copper wiring 21 were 
shown. It checked connecting each semiconductor device, producing LSI and operating by besides, 
forming a multilayer interconnection in a layer, as shown above. 
[0126] 

[Effect of the Invention] a washing process advanced [ that the approach the polish liquid which does 
not contain the polish abrasive grain of this invention performs CMP has the effectiveness which 
controls a scratch, peeling DISHINGU, and erosion by the abrasive material containing the 
conventional polish abrasive grain as compared with the approach of performing CMP ]. and abrasive 
material supply / processor — not needing — the cost of consumable goods, such as an abrasive 
material and abrasive cloth. — ** — and it is possible to perform CMP at a practical polish rate. 

[Translation done.] 
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